
MONTHLY WEATHER' REVIEW 
VOL. 61, No. 9. 
W. B. No. 818. SEPTEMBER, 1923. Cmar~ Nov. 3. 1923. 

I ~ ~ I J B D  DEC. 6. 1923. 

THE LAW OF PRESSURE RATIOS AND ITS APPLICATION TO THE CHARTINCi OF ISOBARS IN THE LOWER LEVELS OF 
THETROPOSPHERE. 

C. LEROY MIXSINGER, Meteorologist. 
[Weathr Bureau, WYarhington, D. C., August 3,1923.1 

INTRODUCTION. 

The solution of many problems of theoretical and 
practical meteorology is hindered by a lack of iuforma- 
tion concerning the simultaneous vertical and geogra hi- 
cal distribution of certain meteorological. elements; &ne 
of these elements, barometric pressure, has always been 
regarded as of supreme importance in weather forecast- 
ing; and, with the increasma availabilit of aerological 

ditions at  certain free-air levels may possess prognostic 
value with respect to surface weather. The elevation 
of these strategic levels is not definitely known, but 
the importance of the problem and t,he significance of 
the possible results abundantly justify an attem t to 
ascertain the nature of horizontal barometric iistri- 
butions a t  the greatest possible heights in the atmosphere. 

It is a relatively easy matter to secure information 
concerning the vertical distribution of meteorological 
elements at a small number of aerological stations; but 
it is difficult to produce daily charts of the geogra hical 
distribution of these elements. Recently pubfished 

apers have attempted to achieve this result for the 
Lvels 1 and 2 kilometers (3,281 and 6,563 feet) above 
sea level,' and subsequent study of the accuracr of the 
ma s thus produced mdicntes that t.hey are re1iable.l 

$he attamment of this objective, however, serves 
only as a stimulus to the accomplishment of similar 
results for higher levels. Yet, one encounters difficulties 
owing to paucity of data, in attempting to extend the 
original method to levels higher than 2 kilometers above 
sea level. It has seemed that a more fruitful field might 
be found in dealing directly with pressures than with 
the estimation of air-column temperatures to such great 
heights. In  other words, revious studies have pro- 

distribution at 1 and 2 Lometers above sea level. Is 
it ossible, with the ressure a t  these two levels, in 

learn somethin about the ressure distribution at a 

answer to this question. 

data, there has developed a Belief that g arometric con- 

vided a means of securin a E nowledge of the barometric 

adgtion to the precise P y-measured surface pressure, to 

fourth, and hig f er, level? d e  present paper s eeb  an 

PRELIMINARY CONSIDERATIONS. 

Ratios between pressures at diffsrent free-air levels.-In 
order to secure a foothold for an attack upon this problem, 
mean monthly free-air pressures for various levels and 
for the several aerological stations of t,he Weather 
~~ ~ 

1 Melsin r C. LeRog: Tbn pre aratlon and significance or Iree-alr pressure maps for 
the eentrfind eastern United %tat,. MO. N'EATIIER REV. SUPPLEYENT l i U .  21. 
WMhingtOn 1922. 

AprU, lola, pp. lil0-100. 
I IMd. cor;celPing the accuracy of lreeglr pressure maps. Mo. W E A T ~ I L  REV., 

Bureau were examined. It was found that if a ratio is 
formed between the pressure a t  some high level, p., and 
the surface pa, and between the pressure at  2 kilometers 
above sea ievel, p, ,  and 1 kilometer above sea level, p, ,  

FIG. 1.-The relatlon between p&p and p d p ~  (annual means) at Drexel, Nebr. 

the ratio p./ 
p2/pl .  In ot ts er words, 

tands in an apparently linear relation to 

P./Po = (ap*/p,) + b, 
in which a and b are constants. Thus, if po, pl  e, a, and 
b were known, p8 could readily be computed rom the 
equation 

$2, = po[ (apJpJ + b] - - - - - - - - - - - - - - - (1) 

Should such a simple relation hold for pressures at any 
time, as well as for monthly means, it is seen at once that 

7 0 1 0 9 - ~ 1  437 
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here is a method of great promise for computing free-air 
pressures at high levels upon the basis of surface condi- 
tions only? 

Figure 1 shows for the Drexel (Nebraska) aerological 
station the relation between these ratios when z is 
respectively 3'and 4 kilometers (9,842 and 13,123 feet) 
above sea level. For these two levels the points lie 
very close to the line of best fit, but, in considering a 
simlar relation for the 5-kilometer (16,404-foot) level, 

Ro. -J.--Comparison of the annual march of resures ratios and mean temperatures 
of the slr column atgroxel, Nebr. 

the scatter of the dots is sli htly greater, owinggprobably, 

for this level are based.' 
Annud variation. of pressure ratios.-The baromc t.ric 

pressure at any level, considered statically, is the weight 
of the air above that level. This weight is a function of 
the temperature of the air between the earth's surface 
and the level in question, and temperature, whether at 
some iven level in the atmosphere or the average of an 

atio n... It is not surprising, therefore, that the annual 
march of pressure ratios, a t  least. at. levels .within the 
range of our interest, is represented by a curve which is 
quite similar to that of the annual march of mean air- 
column temperature. 

Figure 2 shows the annual march of the several pres- 
sure ratios shown in Figure 1, together mth  the annual 

to the smaller number of o 6 servations upon w ch means 

air co k umn of stated length, is subject to an annual vari- 

I It wlU be recalled that the method for obtaining pressures at 1 and 2 kllpneters above 
aea j e v d  makes u88 only of current pressure, temperature, and wind Lrection at the 
8urJacc. 

4 All averagw of f r e ~ l r  ooaditloas used in thla paper have been taken from "An 
serolopl8urpey of the United States: Part I. Results of observatims by means of 
kites,' by W. R. Gregg. &to. WmFHEB R w .  Srrpprs11m4r NO. 20, Washington, 1912 

march of the mean temperature of the air column perti- 
nent to the particular pressure ratios. The intunate 
relation that exists between the several curves illustrates 
clearly the functional relation between temperature and 
free-am pressure. It will be remembered that in the 
central and eastern United States the annual march of 
barometric pressure a t  the surface is characterized by a 
minimum in late spring or early summer and a maximum 
in early winter, characteristics that do not appear either 
in the annual march of temperature or in the annual 
march of pressure ratios. 

mean pressures thus 
briefly, one's curiosity is whette B by the rather aston- 
ishing fact that data which are ordinaril so accurately 
represented by the exponential law shoul iI now appear in 
linear guise. What is the true nature of ths curve 
which expresses the relation between p.lp,,. and p,/p,? 
The answer to this question can be inost readily obtamed 
from theory. 

Having considered the month1 

THEORETICAL RELATIONS. 

f i e  slope of the curve y = f (2) .-The hypsometric 
relation, the fundamental law in all considerations of this 
character, may be stated as follows: 

2. is the vertical 
measured and the 
generally known 

Y - PSlP.. 

U on substituting the expression for p ,  contained in 
(27 it is found that 

" 

While, in ordinary practice, one is interested in some par- 
ticular level, in whch case 2, would be a parameter, it is 
best here to consider both 8, and 2. as variables. Hence, 
differentiating, one obtains: 

- -  - _  (3) - z, - (1 + d.)dZ, 

Again, let and pn represent the barometric pressure 

z = pmlpn 
at two other Q evels in the atmosphere, and let 

From (2), as before, it  is known that, 

whence, 
" 

Since i t  is desired to allow the stratum of atmosphere 
between the bounding surfaces of which Z,, lies to 
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A!) 

--22 .................................................... 
30 ...................................................... 

remain fixed re ardless of the variations of Z,, Zm,n 

ferentiation will yield the equation, 
may be propery k regarded as a parameter, and dif- 

Slope of langent . 
------ 

3000 4,000 
dters.  metas. 

64 12 e5 12 
65 2s e6 51 

-- 
. I  0 ,  

Dividing (3) by (4) one obtains the slope of the curve 
representing the relation between y and z: 

utation from e uation (5a) of values of dy/& for several 
Pengths of air co 9 uII111. 
TABLE 1.- Values of dy/& computed from equation (sa) for various tm- 

pemtures and kngtha of air column and assunwd v a l w  of deside,-,. 
~~ 

dssumed mean temperature d air column (OC.). Length dair column (meha). l- I 5 1 e4 1 6 I 3,000 I 4,000 I 5,000 ----- 
22.. .................. 

I.. ..................... 
30.. .................... 3.141 

- 

In  case it is desired to treat 2, as B parameter, the 
equation (5) is simplified, (since dZ. = 0) to 

Zs(l + aem-n)' x------ do, 
zm-n(1+ d 5 ) '  a m - ,  in Table 2. 

- - - - - - -  - - - -  (5a) inal function. These angles and their differences appeb 

It is clear from equation! (5) and (Sa) that the curve 
representative of the relation between z and y can not be 
a straight line, as was at first suspected, but a curve whose 
slo e is an exponential function involving the length 
an B the mean temperature of the two air columns. If 
the original function were linear, the first differential 
would, of course, be a constant. The conclusion must be 
that within the l i i t s  of variation of the several variables 
in these equations, the variation of dy/& is perhaps small 
enough to be ne ligible. This may be investigated by 

There occurs, moreover, in these equations, the term 
des/d8m-n which one may inter ret as the chan e of the 

to the mean temperature of the air column of length 
Z,,,. Since temperature varies so irregularly mth  
altitude and time, it is obvious that the value of dO,/dOm-. 
must var almost incessantly in a most irregular manner. 

feet) and Om-, the mean temperature of this stratum 
which lies between 1,000 and 2,000 meters above sea level 
(3,281 to 5,562 feet), it seems reasonable that, for stations 
in the central and eastern United States, this stratum 
would occupy a relatively intermediate position in the 
stratum between the surface and some high level such as 
3,4, or 5 kilometers (9,842, 13,123, and 16,404 feet) above 
sea level. One should ex ect that temperature chan es 

same rate as within a stratum extendin from the surface 
to, say, 3 kilometers above sea level 713,123 feet), and 
that, on the avera e the would be relatively more 
rapid as higher and k k  &vels are considered as upper 
boundaries to,the thic er air stratum. If, therefore, one 
wishes to assume a value for the fraction de,/de,_,, it 
would appear that for the 3-kilometer level (9,482-foot) 
the value 0.90 is a propriate, for the $-kilometer level 

(16,404-foot) the value 0.65. (Attention is invited to the 
fact that the arbitrar assumption of a numerical value 

accurate values of dy/&, will not operate to influence the 
form of the curve.) Making the appro riate assum tions 

means of reasona % le substitutions in these equations. 

mean temperature of the air 00 P umn of length d relative 

If the va s ue of Z,, is chosen to bc 1,000 nieters (3,281 

within the stratum (m-7 would proceed at  about t 5l e 

(13,123-foot) the v ap ue 0.80, and for the 5-kilometer level 

of dOa/dOm-,, while per 3: aps not serving to compute strictly 

as to temperature, table 1 contans t ! e results o P com- 

It is seen that the values of dy/& are very close to 
2.000 and that the variation is not great. This may be 
seen more clearly if one examines the actual variation 
of angle of slope of the line representing the relation 
between x and y. For any given level the slope in- 
creases with increase of temperature, hence the difference 
between the angles of slope corresponding to the ex- 
t,remes of temperature will indicate the degree of curva- 
ture likely to be encountered in the curve of the orip- 

TABLE 2.-&'20pe8 oftangents to curve of y=f(z) at tentperatrrre e x t r m s ,  
and their diflerenccs. 

5,000 meters. 

. ,  
62 42 
04 I 

DMW~IUX ........................................ 1 1 16 1 1 39 1 2 16 

It can be seen at once that the difference between a 
straight line and a portion of a curve the maximum 
curvature of which would produce an angle of the order 
of 2' between tangents at its extremes is negligible. 
Figure 3 shows the relation between dyldx and e,, for 
the three levels. On the left-hand scde are values of 
dyldx and on the ri htrhand scale are angles of slope.' 

is that within the limits qf natural variation of the mean 
temperature of the air columns i,nvoZved, the relation be- 
tween Palp. and Pm/Pn is practicdly linear, when these 
pressure8 occur within the lowest 5 kibmters of the atmos- 

here; and, therefore, that an equation of that form may 
re  employed for the computation of one of the pressures 
when the remini.ng three are known.. For convenience, 
this may be referred to as the Law of Pressure Ratios. 

The conclusion to 5 J  e drawn from these considerations 

OBSERVATIONAL DATA. 

Nature o j  the data.-The data employed in 'this. iatudy 
were obtained from the ori inal records on iile in the 
Aerological Division of the eather Bureau. The in- 
clude observations made a t  each of the aerolo 'c sta- 
tions which have been, or are being, operater by the 
Weather Bureau. 

8p fv 

8 The apparently nonuniform change of the values of dv/dz alth chango of Z. is cbleflp 
the rcsult of the value of dB,/dBla chmn for the several levels. If it were not for the 
assumed decreese of deJdel.z with increase of elevation, the sereral curves in flgurm 
3 should lie one above another in the order of the level for which the are charactenstic. 
But since this factor Is assumed to decrease with clevation. the 5-h. curve and the 
3-km. curve both lie below the 4-km. curve. Shw the law of variation of de.ldf3l.t With 
2. is not known, it is not pcssible at this stap of the paper to verify the assumed valuea 
of the factor. 



In order to render the results of this pa er comparable 
with those of previous investigations on Rindred phases 
of this subject, all the observations selected mere made 
a t  approximately 8 a. m., 75th meridian time. Certain 
corrections, devised to yield pressure values which prob- 
ab1 would have been measured had it been possible to 
ma i& e simultaneous observations at all levels, were em- 
ployed. However, cases in which the surface pressure 
was changing rapidly during the kite flight were not used 
owing to the unreliability of extrapolating the pressures 

FIQ. 3.-It&tim between the mean temperature of the stratum of 1 Wometer thickness 
and the slope of the cur- pf(z) .  

under such conditions. In  other words, the pressure 
values from which ratios were formed are believed to be 
trul representative of simultaneous pressure conditions 

Having secured these data, ratios were formed between 
the pressures a t  1 and 2 kilometers (3,281 and 6,562 feet) 
above sea level ( z = ; p / p J ,  and between ressures at  the 
surface and some se ected higher level &= p&). The 
higher levels thus selected were 3, 4, and 5 kilometers 
(9,842, 13,123, and 16,404 feet) above sea level, and, for 
each station, the investigation was carried as high as the 
amount of data justified. 

Number of observatWne.-Table 3 gives the number of 
observations upon which the results of the portion of the 
paper employing current observations are based. 

at a s1 levels. 

TABLE 3.-Number of ohmations upon which results of current obswva- 
tiom are based. 

Witb reference to level- 

statim. 
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, 

Ellendale N. DOk ................................ 79 ............ 
~ r n d  debr ..................................... 35 
B&Amw O b  ............................. ........ ............ 
QmplbeoL. Te; .................................. 62 ............ 
-&ink Ind ................................ . ............ 
ldouDt Wea&, v0.. ............................ 38 
DUeWwt,8.C ................................... 34 ............ 
Iawburg, 00 ..................................... 

~ ~~ 

These figures do not represent all available data in cer- 
tain cases, especially with reference to the 3-kilometer 
level, but it is believed that they were sufficiently numer- 
ous to show accurately the relationships involved. This 
fact was obvious when the data were plotted in the form 
of dot charts. It is true, however, in the case of the 
5-kilometar level that there were too few observations a t  

most stations, and for that reason only Drexel and Mount 
Weather were used. 

It is obviously unnecessary to reproduce all the dot 
charts. One is given in Figure 4, in order that the 
reader may see a typical exrtlliple of the manner in which 
the observations distribute themselves. This t e of dis- 
tribution is characteristic of all stations and aiyevels. 

Values of the constmt a or aerological stations.-Hav- 

fit to the data-assuming, as was shown to be justdied 
in the previous section, that a straight line adequatdy 

ing the data thus prepare f and plotted, the line of good 

FIQ. 4.-Dlstrlbutlm of indivldusl observations about a line of good fit. D0ta from 
Royal Center, Ind. 

represents the relationship between x and y-was deter- 
mined by the ordinary method of least squares. Thin 
involves the evaluation of the two constants in the linear 
equation 

y=UX+b, 

in which 5 and y have the same significance as in the 
previous section, namely, x = palpl and ?J = p,lp,. 

The values of the constant a, where a=dy/&, the 
slope of the line, were determined by the equation com- 
mon in statistical Drocedure : 
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Statlm. 

---- 
Ellendale N. Dak ................................ 
Dtesel, dcbr ..................................... 
Bmlm d r r o s ,  OIda .............................. 
Groesberk, Tex ................................... 
Row1 Center In4 ................................ 
hrdunt ~ ~ t l ; c r ,  1.a.. ............................ 
Due West, S. C. .................................. 
Leecshwz, Ga.. ................................... 

Mcan ...................................... 

in which n is the number of observations. 
tains the values of this constant. 

TABLE 4.-Values of the eonstant a ,  determined by the 7 m f b d  qf lea& 
squaws. 

Table 4 con- 

I With referrnee to lcvel- 
i 

~ - -  
*fl.Il27 *:O.oM) ............ 
f'1.038 f0.047 i9.052 
f O . n 3 2  ........................ 
f0.041 f0.042 ............ 
f0.030 f0.041 ............ 
*0.017 *O.W f0.w 
f0.034 f0.039 ............ 
fO.036 ........................ 
f0.w f a . ~  f0 .053  
--- 

Station. 3km. I above 
I m . s . 1 .  

4 h .  5 k m .  
above above 
m.s.1. m.s.1. 

- - ~ -  

Va.lu.es o the constant b for aerolopkal statioils.-Tlie 
values of t x e second constant in tho linear equation were 
determined by means of the following oqua tion : 

b -  y-a(Z2)  
n 

in which the values of a were those contained in Table 4. 
The following table contains the resulting values of b. 

TABLE 5.-Valuur of the constunt b, deiermined by the method of least 
8qUaTCS. 

With reference to level- 

Ellendale N.Dak ................................ 2 . m  2.263 
Drexel debr ..................................... 1.916 2.330 
Broke; Arrow OU.. ........................... 1.976 
ar~~beek T& .................................. 2.425 2 . m  
RoyalCe~ipr, Ind ................................ 2.025 2.238 .............................. a. 206 
Due West, 8. C ................................... a. 113 
Mount Weather, Va 

Leesburg, Up... ................................. .) 2.710 

............ 
1. w4 ........................ ............ ............ 
1.879 

........................ ............ 

Pro6able errors of single compu.tadiom by fhe linear 
e cction.-With the constants thus determined it is pos- 

levels and sever aerological st.ations, and to corn ute, 
using the original observed values of p., 

are contained in Table 6. 
error was the one customarily used: 

3 SI T le to form e uations, characteristic of the various 

values. of p,. In  this way, values of the 
of 8 smgle computation were derived, an 

The equation for probable 

j 3km. I above 
, m . s . l .  

Station. 

E l l a  N.D& ................................ ' -1.0423 
Drexe1,debr ..................................... I -awsB 
BmkeenArrow, Okla ............................. ! -1.IB57 
GmSb& Tar.. ............................... .! -1.4414 
Royal Center Ind 1. W 
Due West S.C ................................... - 0 . N  
Leerburg,%a ..................................... i -1.6987 

................................ 
Mount weader,va .............................. j - 0 . W a  

r=  f.6745 4- 

t b z 6  1 :b%i 
m.s.1. m.s.l .  

I--- 
-1.35% I ............ 
-1.4215 -1.2010 

-1.9161 ............ 
-1.3533 
-1.- -1.0911 
-1 .247 ........... ............ 1: ........... 

........................ 
............ 

in which v is the difference between a computed and an 
observed value of p,. 

TABLE 6.-Valuts c?f the r b a b l e  e m  of a ainglc corn~utution of 
prssncw ut etuted jiret-cir. eilels baeed q o n  empirical eqmtwna dm&d 
1 1  bore. (Iwh;.s). 

I Wlth reference to level- 

TAe probable error of a.-From equation (1) it follows, 
if p., p2,  and p,, are regarded as free from error, that 

But since 
ap,  = (p.p,da/p~) +pad& - - - - - - - - - - - (6) 

(Zy) - a(2z) b= n 

db = - (Zz)da/n - - - - - - - - - - - - - - - - (7) 
whence, 

c z p Z  = (p6p2aa/p,) - pB[ da/n] 

= [(p,p,/p,) - p.(Zz)Inlda 
and 

~=dp.l~@.p,lp,) -p.(Zz>/nl-- - -  - -  (8) 

Now, one of the laws of the propagation of error states 
that e if Z = A z ,  in which A is a constnnt, then, 

R=Ar  

in which R is the probable error of 2 and r is the probable 
error of z. It will be seen that this equation is of the 
same form as (8) .  

Since it is desired only to obtain an idea of the order of 
ma itude of the error in a, and since a is to be used 

dp.  the averwe probable error for the several levels con- 
tained in thefmt line of table 6, mean annual values of 
p 6 ,  p,, and ., for a representative station, and repre- 

sheets. In this wny we ma regard da as the probable 
error of n, and it proves to {e, on the average, 

wit f? out respect to season, it is possible to substitute for 

sentatiw t n  P ies  of 3x /n  obtained from the computation 

3-lim. level, f 0.0012. 
4-km. level, f0.0016. 
5 - b .  level, f 0.0020. 

Thus, since nearly all the values of a are very close to 
2.000, it  is seen that the values as stated to three decimal 
places in Table 4 are justsed. 

a Merriman, Mansfield Xcfhod o/ least 8quarfs. New York. 1915. p. 77. 
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.......... I Leestirrp, Ga. 

The probable emor of 6.-Having the above values for a, 
it  is now a simplo matter to substitute in equation (7) and 
compute the probable error of b. These values prove 
to be: 

3-km. level, f0.000008. 

5-km. level, f 0.000013. 
4-km. level, fO.OOOO1O. 

C o d u . s W ~ ~  concerning probable errors.-An interesting 
and highly ertinent fact becomes apparent u on con- 

probable errors occur in the less significant member of 
this pair of constants. For exam le: When the angle of 

unit in the second decimal ?lace of a implies a difference 
of slope of only about 7 . This is ne ligibly small. 

every ordinate will be in error by just that amount; or, 
to consider it geometrically, the entire line which repre- 
sents the relation between z and y will be shifted parallel 
to itself by the amount of the error. These facts are 
important in attempting to carry over to the nonaero- 
logical stations the determination of these constants. 

h o t h e r  method qf determining b.-The foregoing dis- 
cussion has been built wholly upon the 
kite obseivations selected to represent t 0 various levels 
and stations. The reliability of the values of the con- 
stants obtained by least-square analysis is depepdent 
upon how closely the selected observations, taken in the 
ag regate, represent any observation that has been or 

level. In  other words, how closely does the mean of a 
given group of observations resemble the annual mean 
of the same-elements based upon all the observations 
that are available, when the annual mean is also repre- 
sentative of conditions a t  8 a. m., 75th meridian time? 

It is evident that the raphical representation of the 

the annual mean corres onding to the same time of day. 
It is stated by Ah. If R. Gregg that - 
* * * The avera e time of the kite flights is such that the mean 

values of the rneteomfogical elements at the surface are very nearly 
the =me 89 the 24hour averages. The differencea are, in general, so 
emall that it ia deemed unnecessary to publish them in detail * * *. 

Now, from Bigelow: i t  is possible to obtain Sgures for 
correcting the 24-hour mean (annual) to the 8 a. m. 
mean (annual) and the corrected means are iven 111 the 

of course, for the surface only, but since from &I, 

sideration o P the probable errors shown above: $he large 

slope is close to 60°, as is the case rl ere, a variation of one 

But a very slight variation in the vdue o H b means that 

YPS Of current 

wi ii be made at  a given station with respect to a given 

relation between z and y, s a o d d  be a line passing through 

following table. T h e  corrections given by % i elow are, 

541.1 
646.0 
551.6 
554.3 
546.5 
545.1 

- 0  
...... 

we can compute uite satisfactory values of the cor- 

reduce all the annual means for 24 hours to the annual 
means for 8 a. m. 

rection to be app 1 ied for the higher levels, we may 

aw.5 

903.4 
904.5 
902s  
cJo3.1 
w15.4 
BoB.7 

m1.o 

7 Op. cii p. 3. 
8B 810; Fnnk E.: Report 011 clrc & m e b y  o ihe United Btalrr CaflaL and clre 

W u t % d  Report nf the ChM ol the Weather kmau, 1W)o- l~ l .  %able ?i';pp. 110- 
Is(. 

7'55.2 

m1.5 
m.2 
19a.R 
7X.2 
PXt2.6 
W . 6  

797.7 

TABLE 7.-Annual mean prcssrcres at the surface and snwal freeair 
levels. (8 a. m.) (ma.). 

Station. 
__ 

Ellendale, N. Dak ........................... 
Drexel, Nebr ................................ 
Broken Arrow Olila ......................... 
Qroesbeek.Te; .............................. 
Royal Center, Ind.. ......................... 

863.3 
969.5 
939.7 

1,000.7 
CBl. 4 
956.3 
941.3 

1 , W . 4  

pdpi I m/P* I Ph'm 1 Ps/p.  

0.8MO 0.7281 0.640.5 0.m 
0 . W  0.7269 0.640'3 0.5841 
0.8SR 0.716s 0.6335 0.5573 
0.8W 0.7112 0.6256 0.5339 
0. U 4 Y  0.7117 0.6271 0..5512 

I--- - 

Mount Weather, Va.. ....................... 0. W 9  .............................. Due West. 9. C 1 O.PS65 
LecsburR. 08 ................................ 1 0.S74 

0.7379 0.6501 0.5709 
0 7143 ' O.MM .......... 
a7063 i 0.6245 0.5M 

701.4 
704.7 
709.4 
711.7 
i05.6 
705.7 

712.9 
710. a 

EUendslc ............... -1.04% 
Dmxel .................. -0.- 
Broken Arrow .......... - 1 . W  
O m b e c k  .............. -1.4422 
Royal Center.. ......... -1.o800 
Mount Weather ......... -0.9744 
Due West .............. -aws 
Leesburg.. ............. -1.63Nl 

617.3 
6?1.4 

629.0 
m1.7 
621.7 
627.0 
630.4 

637. o 

I 
~ -0.0003 -1.3597 - 0 . m  .................... 

.0003 -1.437? .W -1.2012 LOOM 
-.WO8 ........................................ 
--.ooOS -1.9173 --.W12 .................... 

.@IO4 -1.3531 .0001 .................... 

.oooO -1.3020 .oo(N -1.0921 -.W10 
-.0003 -1.2.128 .OOOI .................... . OOO1 ........................................ 

.... 

Now. from equation (1) we know that 

b = y - az = p J p ,  - ap, /p ,  - - - - - - - - - - - - (1s) 
from which it is possible, using values of a contained in 
Table 4 and of z and y contained in Table 8,  to compute 
a new value of b. The grapliicnl significance of this new 
value is thnt it is the y-intercept of a line liming the smne 
slope as that derived by least-square analysis, but passing 
through the oint representative of the annual m e m  
contamed in 5 able 7. Table 9 contains b0t.h the new 
value of b thus computed and the difference between this 
vdue and the corresponding vdue contained in Table 5. 

TABLE 9.-Values of b for the relation y=f(z) charocterisiie of llrc 
annwl mean. 

6tation. I I Diff.1 I b, I DiE.1 [ b, I DlR.1 
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3-kilometer level. 

Difference. 

z y  GG. Mb. In. 

ob- Com- 

693.4 m i . ~  +i.e+ao5 

is the further consideration of the correct value of a to 
accompany the new values of b. I t  is clear that if the 
mean value of b differs from the value determined b the 
second method, a like passing through the mean %will 
not pass exactly t h o  h the point re resentina the annual 
mean of the ratios. % order to ma R e it do &is, it would 
be necessary to vary a slightly. This can be done by 
means of the equation 

Ckilometer level. 

ob- Dlfferenw. 

(mb.). (mb.). Yb. In. 
served puted 

-------- 
m.0 me + 2 4 + a w  

a = -  '- = p,[ (palp,) - b] /p ,  - - - - - - - - - (lb) 
2 

6S5.7 

891.3 
695.0 

887.7 

691.0 

&o derived from equation (1). Substitutions have been 
made in this e uation, and the results, which may be 

TULE 1O.-Final values of a and b for the rwious aerological stations. 

regarded as the 1 nal values of a and b appear in Table 10. 

6%9 -1.2- .03 601.6 602.2 -0.6- .09 

W . 0 - 1 . 7 - - . 0 5  611.4 614 .5 -3 .1 - - .09  
W8.2 -3.2- .IO 809.9 613.6 -3.7- -11 

1307.7 ao .oo 613.4 e i i . 5 + i . ~ + . o n  

m1.0 0.0 .OO 607.2 605.3 +1.9+ .OB 

With respect to level- I 

715.3 
101.5 

704.0 
m4 

dQo.9 

n2.1 

s. 1. I 5 km. above s. 1. 
I 

Statlm. 

I 

+0.5+ .01 
ao .w 

-3.3- .10 
-5.4-.16 

-0.8- -02 

- & l - . l o  

l- l- I- 1-1-1- 

715.8 
mi. s 

m. 6 
704.0 

dQo. 1 

70Q.O 

Ellendale.. ............. 
Drexel.. ................ 
Broken Arrow.. ........ 
Oroeabeck .............. 
Rood Center. .......... 
M b t  Weather ......... 
Due Weat .............. 
L-burg.. ............. 

617.6 

616.0 
619.0 

611 9 

W . 1  

- 

2.003 
1.916 
1.916 
2.424 
2.025 
1.93s 
1.828 
a. TIC 

6 Z 4  
w . 4  

613.6 

a 7  

-1.0124 2.283 -1.3595 .................... 
-0.9094 I 2.336 I -1.42i3 I 1.994 I -1.2014 
- 1 . m  

-6 .4- .19 
-0.4- .19 

+1.4+ .M 

4 6 -  -11 

I .......... I .......... I .......... I .......... 
n "rn . n.n- 

-. ---- .......... I .......... 
.......... ......... .......... .......... .................... I I I--1.6888 I 

It is seen, when Tables 4 and 10 are compared, that 
there is very little difference between the values of a 
derived by the two methods. This indicates that the 
bodies of data which were treated b the method of 

Errors of computation attributable to errors of 5.- 
Hitherto, in this paper, i t  was assumed that the values 
of x ,  i. e.,.p,/plJ were free from error. But, in ract.ice, 

themselves, the results of computation, it is clear that 
error must be introduced into the final result by the 
inaccuracies of the components of the value of x. The 
investigation of the accuracy of the method of obtaining 
p and p ,  was referred to earlier in this paper. From 
tkst investigation it is possible to obtain certain facts 
which will be useful here. For example: 

(1) Errors in and p,, if relatively arge, were usually 

( 2 )  Errors of p,  were usually about twice those of p,.  
(3) About 90 per cent of the errors of p ,  were less 

than 0.05 inch (1.69 mb.) and an equal percentage of 
errors of p ,  were less than 0.11 inch (3.73 mb.). 

If p ,  is considered free from error (it is probably the 
most precise of all meteorological measurements), and if 
Q is regarded as subject to such small errors as are 
indicated by the probable errors discussed earlier (the 

least squares were truly representative o 9 mean conditions. 

when use is made of pressures at these le?+ w gi ch are, 

of the same alge tl raic sign. 

error of b is probably 
from equation (1) the 
the degree of error to be 

dpm 

small), we may derive 
expression from which 

(9) 

in pa may be computed: 

pa[(pipi& + piadpi - ~ 4 ~ 1 )  /pi7 - - - - - - 
Let, for example, pa be 950 mb.; p,, 900 mb.; pa, 800 

mb.; and let a be 2.000; du, .001; dpl ,  -1.5 mb.; dp2, -3.5 
mb.; and these, when substituted 111 the above equation 
give 

dp,--3.7 mb. (0.11 inch). 

If the above figures are again the same except for dp, 
and dp,  which may be assumed to be small and of opposite 
sign, as for example, 0.5 mb., and -0.5 mb., respechvely, 
we have, 

dp.=-1.1 mb. (-0.03 inch). 
If the algebraic signs of these errors are reversed, 

dpm-2.7 mb. (0.08 inch). 
These results are sufficient to indicate the order of 

magnitude of the errors to be expected in com utations 
of p.. It is seen a t  once that, regardless o f t  R e level to 
u h h  the computations refer, the accuracy is just about (M 

satisjizctory at the high level a.s at the 2 km. level. This is a 
fact which lends considerable importance to the law of 
pressure ratios as an effective means of computing pres- 
sures at higher levels. 

Before undertaking the task of determining the con- 
stants of the linear equations for nonaerological stations, 
it will be of interest to conipute a few pressures for these 
high levels at the aerological stations, using values of 
p1 a n d .  that have been computed from surface condi- 
tions one, and to compare the results with ressures 

be done very readily by referring to kite flights made 
during the period December 1, 1922, to February 28, 
1923, during which time these free-air reductions mere 
performed by a group of stations in the central and 
eastern United States in connection with a test of the 
efficacy of the method of computation. The Aerological 
Division has sup lied the data, and Table 11 contains the 

TABLE Il.-C!mparison for various aerological stations of asurea 
observed by means of kilcs, and pressures computed b the law o/" 
ratios, employing cornpuled presawes at I and 2 &lum.eters a f ~ ~ ~ ~ ~  
level. 

measured by means of kites a t  those levels. 5 his can 

comparisons an c f  residual errors. 

Btsuon. 

Ellendale, N. 
Dak. 

Drexel, Nebr. 

Broken Arrow 
Okla. 

Oroesbeck 
Tex. 

Royal Center, 

Due West, 8. 

I d .  

G. 

Date. 

1922. 
Dec. 1 

1 W .  
Jan. 7 
Jan. 19 
Jan. 17 
Feb. !24 
Feb. 25 

l a .  
Dec. 22 
Dec. 2.5 
Dec. 23 

1923. 
Jan. 2.5 
Feb. 5 

1922. 
Dec. 19 
Dec. 21 

1m. 
Jan. 11 
Jan. 19 

1922. 
Deo. 6 
De& 31 

1m. 
Jan. 23 
Feb. aS 
1m. 

Dea Y 

1 W .  
Jan. P 

- 

698.1 +0.6+.02 616.1 615.2 +0.9+.03 
698.7 _II -1.6- -251- .05 .071 614.5 614.91 615.8 6 1 ~ {  -1.3- -3.4- .04 .IO 

L:I W . 3  ml.ll +1.8+ +1.61+ .05 614.5 611.7 6fi01 +2.8+ +3.21+ .OS 

109.5 -Q8- .02 ............................. gil m.11 -1.71- .MI ........ I ......... I ...... I ...... 
m . 3  -4.1-.14 ............................. 
713.5 - 2 8 - . 0 8  , ............................. I I  I I I  
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a. rwi 
a. 033 
1.880 
2.358 
2.015 
2.0811 
1.915 Due West, Y. C.... ..................... ......I 

This table is self-explanatory and calls for ver 
comment. The number of cases is so small t 1 at little no 
attem t will be made to treat the residuals statistically. 
The o fl ject is rather to show the general magnitude of 
the departures of the computed pressures from the 
observed. This, i t  will be seen, is about the same as 
for the 2-kilometer level, even at the 4-kilometer level. 
The reader, if he is familiar with the discussion of the 
accuracy of the 1 and 2 kilometer ma s, will recall that 

combination with nonaerolo ical stations for making 

the former was often too low relatively owing to tho 
exposure of thermometers so near the 
had its reflection in ressures a t  1 and 2 ki ometers that 

two levels, which are themselves too owt will produce 
similar results in the pressure a t  3 or 4 kilometers. It 
is gratifying to note, however, that, even in cases where 
the error a t  1 and 2 kilometers was rather large, the 
error a t  the high levels was not any eater than that at  
2 kilometers. This indicates that f w e  accept the 2- 
kilometer map as correctly indicative of barometric con- 
ditions a t  that level, we must also accept the 4-kilometer 
chart, for it is possessed of no greater error. 

one of the difficulties of using aero f ogical stations in 

the isobaric maps was that t 5 e surface temperature a t  

$und* This 
were likewise low. P n a like manner, ressures at  these P 

THE DETERMINATION OF CONSTANTS FOR NONAEROLOQICAL 
STATIONS. 

The constant a.-It waa learned from equation (5) that 
the value of dy/dx, or a, is a function of the mean tem- 
peratures of the two air columns, one extending from 
the surface to the highest love1 under consideration, and 
the other from the 1 to the 2 kilometer level, when 2. 
is regarded as a parameter. It is obvious that one 
means of a proaching the problem of the determina- 

determine for each aerolo 'cal station and each level the 

This value could then be reduced to correspond to air 
columns of uniform length at the various stations, whic.h 
would eliminate the factor Z, and leave the differential 
term subject to temperature alone, which is a variable 
having a marked geo aphic distribution. Thus the 

interpolations made for the nonaerological stations. 
Thence bv a process which is the reverse of that men- 
tioned above for obtaining values corres onding to 

station. Finally, by the substitution of proper values 
for the temperatures, the value of dy/& for nonaero- 
lo 'cal stations could be computed. Such a rocess, 

ted, is indirect. There is a s orter method which is, 
gwever, akin to that sketched above. 
This second lan is to deal directly with the values 

contained in $able 10. As was stated abovb, these 
values are dependent upon several factors-the mean 
temperatures of two air columns, and the lengths of 
two air columns. The temperahre terms have a geo- 
graphical distribution, but the length of the lon air 
column 2, is characteristic of each station. In or cg er to 
make the values of a, empirically derived, as was shown 
above, comparable with one another, one must first 
eliminate the effect of the different characteristic values 
of 2, at the various stations. This may be done 
gra hically. If one lots the value of a as an ordinate, and the 

. value of 1, as an abcissa, one obtains a curve showing 

tion of a P or interlying nonaerological stations is to 

numerical value of the 8 ifferential coefficient d8&Oe,,. 

values of cEe,/ds,, coul r be plotted geographically and 

uniform len ths of air column, the value cou P d be deter- 
mined for t % e length of air column characteristic of each 

E w 5 ' e it  possesses the merit of ermitting a to e com- E 

~ - - _ _ _ _  

the relation between these two factors: When such a 
curve is lotted for each aerological station, it is ossible 

spond to any desireglengtli of air column at any eta- 
tion. Thus, for each station, have been taken from the 
curves in Figure 5,  a series of values of a between 2,750 
and 4,000 meters. This gives, for a given length of mr 
column, values of a for each station corresponding to 
exactly the same len th of air column. In other words, 

the least square analysis had a uniform length of air 
column been used at  each station instead of certain l?vels 
above sea level. In Figure 5,  the values of a are glyen 
on the left-hand scale of ordinates; the correspondmg 
an le of inclination of the strai ht  line appears on the 

ure shows the length of air column in meters, 

to take P rom the gra h a value of which woul 1 corm 

the values of a are t B ose which would have come from 

rptt-hand scale of ordinates. 4 he scale at the bottom 

O and the at t t e top in feet. 

Length of air column (feet) 
0 0 0 0 0  

- 2 -  

/ 71" 
0- 

0 
/ -. 2.900 

2.800 
/' I / -4 

Length of air column (meters) 
Fio. 5.-Relatlon between tho slope of the Une v-\(z) and the length of alr column for 

the several kite stations. 

TABLE 12.-T7alues of a obtained graphically for uni/onn length  of air 
eolumi at thc 1-arious nmologieal stations. 

Ellendale N. Dak ........................... 
Drexel debr ................................ 
Broke; Arrow Okh... ...................... 
Qroesbeck Tei  .............................. 
Roysl Cenbr Ind. .......................... 
Mount Wentier. VI). ........................ 

These data, bein subject only t o -  eogra ha+Wria- 
tion, may be plotte 5 upon maps and k mes o . P  equd value 
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Zz=3500 m. :- ..!I 

FIG. (I.-Oeogmphlcal dktrthutlon of the elope of the line w-jrr). 

of a may be drawn. Figure 6 contains four maps one 
for each column in Table 12. "he len th  of air coiumn 

Peevliarities of the geographical distribution of a.-"he 
astonishing apparition upon these charta of a region of 
low value of a through the middle latitudes of eastern 
United States, accompanied by a st.eep horizontal 
gradient to the south and a slight gradient to the north, 
is the 'ust cause for serious meditation. One can con- 

mean temperatures of the two air columns or of four 
ressures occurri at the ends of these columns. But 

gowever one m a 7 o o k  at it, there is difficult in seeing 

first decrease slowly and #8$" n ly increw rapidly. If we 

to which it refers appears in the lower 5 eft-hand corner. 

eider t i e slope of the line y = f (2) as a function either of 

why dy/& should: as one ro es from nor! K to south, 

consider temperature,. we have an element which has a 
pronounced geographcal distribution, from low in the 
north to high in the south, not only at the surface but at 
free-air levels also. The effect of such a regular gradient 
would be to roduce an increasing value of the slo e with . Again, wit% refer- 
ence to pressure it is fovnd t at considering monthly 
mean pressures the intensity of the s0ut.h-to-north hon- 
zontal gradient in the free a.ir increases with elevation, 
while it is very sli h t  a t  the surface. The gradients at 

tions between the surface and the high level under con- 
sideration. Consequently, when ratios are formed the 

is the same as under the.consideration of temperature. 

T decrease of P atitude in this 

1 to 2 kilometers a % ove sea level lie a t  intermediate posi- 

also increase regularly from north to south and the res l l  t 
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With rnference 
to level- 

Bkm. 4 b .  
above above 
m. s. 1. m. s. 1. 

Burlinqtnn. V t .  ._.._..._ -1.543G'-1.75!11 
l3mtnn. ?dms ._._. . . . . .__ --1.5711~--l.67~6 
N w  York. N.  T.. . .____ -I.3RfO -1.5621 
Pittsbiirizh. Ps ..___._.__ -1.1277 - 1 . 3 i I l  
\ty'nditnctnn. n. c... ._._. -1 .243 - 1 . ~ 1  
NnrIoIk, \'a ..... _ _  ....... -1.315s 
Wilniinrtan. X. (1 .. ...._ -1.4iin 
Chnrl istnn. 3.0.. . . . .. .. -1.7119 
P c n w d ?  FI? .... . . . . . . . . -2. a501 
Rirmingldm. AII .._. . . . . -1 5610 
N ~ W  oriomis. 1.:) _.__..__ -imoR 
JInustnn. Tsx. .  .. . _..._. -2. n2.S 
Pul;stind, Tux ... . ._.. ._. -1.8914 

- 
Ltatlon. 

-- 

We have reason to believe, as was shown earlier, that the 
values of a derived ,by leaat-square analysis are correct 
physically, and they have been submitted to careful 
arithmetical check to verify the computations. 

Upon what may we place the responsibility for this 
surprising characteristic of the charts? In  the equation 
for dy/& attention was called to the term d9./&0,-,, the 
relative change of the mean tem eratures of the two air 

in the equation, since all terms are niultipliea b it. It 
is alto ether possible that the evaluation of t&s term 
from t % e diurnal variation of temperature at the several 
stations would afford a complete and adequate explana- 
tion of the phenomenon. But, at  this time, data on the 
diurnal variation of temperature have not been worked 
up into final form, and such esplanations as might be 
even would, of necessity, be based upon assumptions as 
to the nature of the diurnal march at the various levels. 
It does not appear that such procedure would l e  justi- 
fiable. 

The ex lanation of the horizontal distribution of the 
values of $y/dz must, therefore, await the t,inie when data 
are availab e. The problem is one which must ultimately 
be discussed, yet which is not decidedly pertinent t.o the 

columns. Ths ratio occupies a f: ighly strateaic position 

Station. 
3km. 4Lm. 
above abore 

' m. s. 1. m. s. 1. 

Abil.siio Tas. ._._._...._ -l.(IBoI -1.soll 
n k l s h a h  Pit)'. Okla .... -0.Wi -1.58R6 
Omdn Nebr ... -1.oii1-1.4im 
Tittld &ek Arl;:::::::: -1.1477 -1.4482 
St. LOUIS, do... ...... .. . - n . m i  - 1 . 1 ~  
Ifnorhead, Hinu.. ....... -I. 1202 -1.3572 
nuliith. Minn.. ._..__... -1.16W -1.4346 
Msrlism. \!is ._... ._.._ ._ -I. 1826 -1.3818 
Lansmc. Mleh.. _. .. . ___. -1. IS36 -1.4676 
Indian? Qlis. Ind ... ._ ._. -n. 97lR -1.2983 

J,n*:inetnn. lir.. ... .__._ -0.9127 -1.1420 
Columhor, Ohio ..... .._. -1. oZW-l.3M8 

-- 

~ a ~ ~ J ' 1 .  Tcnn .__.._... - o . m n - i . i m  

I 

- .  

present pa er- 
VaZues $r noiuerolog.icu1 stations.-Ufon the basis of 

the four charts in Figure 6. one mav tft ulate the values 
of a corresponding to' air columns Gf the several lengths 
indicated by the column heads in Table 12. Repl;ittiiig 
these values, one ma take from the new curves vnlues of 

of the particular nonaerological station. 
Since the data for the 5-kilometer level were iiot ilu- 

merous, it  has been thought best not to ush too far the 

meters. For this reason Table 13 contains only the values 
of a for the levels 3 and 4 kilometers above sea level for R 
selected list of stations a t  which it  is desired to employ 
upper-air reductions. 

TABLE 13.-T7a1uur of a for various nonaerological stations. 

a corresponding to 9 engths of air column characteristic 

possibilities of map construction a t  leve P s above 4 kilo- 

With reference I! 
to level- 

stetioli. Statlon. 
3km.  Ikm. 
abovc above 
m. s. 1. m. s. 1. 

Tile constant b.-While it is true that the value of the 
slope a is of great importance in the determination of 
free-sir pressures, it has been shown that, for slo es of the 

suct a rate that the variation of angle from one station to 
another is really but slightly significant. The constant. 
b,  however, is highly important, since it determines the y 
intercept. Its variation produces significant vertical 
dis lacements of the line y =f(z). & was shown that by the use of equation (la) and 
mean annual pressure values very awurate values of b 

mamitude found in this study, the tangent c R mges at 

could be computed. Comparison of values for the kite 
stations was given in Table 9. It is likewise possible to 
substitute mean annual pressure values characteristic of 
the nonaerological stations in equation (la) a.nd values 
of a from Table 13, and thus derive a series of values of b. 

The surface pressures used in Table 14 are taken from 
Bigelow's "Report on the barometv of the United 
States, Canada, and the West Indies' (see footnote 81, 
exce t in a few cases of stations at  which the altitude of 

air pressures hare been interpolated from graphs in Sup- 
30 of the MONTHLY WEATHER REVIXW (see 

the i aroineter has been changed since 1900. The free- 

p,':?%: 4). 

TABLE 14.-Values of b for various nonacrotogical etatiom. 

NOW, by nieans of Tables 13 and 14, it is possible to 
form an equation characteristic of each station for each 
of the two reduction levels. By means of these equa- 
tions, the barometric pressurt? may be computed at  each 
of these levels. For example, the two equat-ions for 
Washington, D. C., are: 
For the 3-km. level. - - .. . -. .. . -. . . . . . . . pa=p. [2.190 (:)-1.2428] 

For the 4-km. level. . . . . - -. - -. . . . . -. . -. p,=p, [2.199 @-1.3334] 

On February f, 1923, a t  8 a. m., 75th meridian time, 
the values of ps ,  p, ,  and p 2  were, respectively, 30.21 
inches, 36.67 inches, and 23.47 inches. Substituting in 
the above equations the pressures at 3 and 4 lim. above 
scn level are. respectively, 20.6s inches and lS.lS inches. 

p7rctcclu s.tnfions.-The method of calcu- 
1:itinz t h  viiliies of tlic cnnstmts a nnd b for stations in 
the Ylatew region of western United States nffords an 
interesting problcni. This will be discussed in a later 
pupe.r in wliich there will also be presented n method for 
o1)t:iiniiig pressures a t  1 and 3 kilometers in that region. 
Tlic combination of the scverd methods will enable one 
to prepare a free-air pressure chart for the entire United 
States with the esception of the low-lying coastal regions 
in the estreme West. 

Coilsfants 

APPLICATION TO MAP DRAWINQ. 

Comparison with observed winh.-Having the constants 
for the various nonaerological stations, it is only a matter 
of mechanical corn uting (which, in practice, can of 

obtain pressures a t  3.and 4 kilometers above sea level and 
draw isobaric charts. To facilitate the preparation of a 
few test charts, the Aerological Division has sup lied free- 
air wind data obtained by means of pilot b ar loons for 

come,  be greatly P acilitated by the use of tablesj to 
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December 22-23, 1922, and January 16-17, 1923, all of 
which dates lie within the period when the method for 
obtaining pressures at 1 and 2 kilometers was being tested 
by daily ost card reporting. 

The re uced pressures for these hi h levels in general 
distribute themselves smoothly, so t at they are com- 
parable in this respect with the charts for 1 and 2 kilo- 
meters. It is not doubted that t.he accumulation of 
data will render future revision of the constants desirable, 
but this is a matter which does not affect the validit of 
the method. Granting that slightly more smoot&ng 
is required for these charts than is practiced upon the sea 

, there is no mistaking the general trend of 
level horizont m3 pressure gradients whch are the significant 
and im ortant factors in the determination of the move- 
ment o I air masses. Isobaric irregularities a t  these high 
levels, are, it is believed, less significant than irregularities 
of the same magnitude on the sea level map. 

It has been ointed out before that tests of these maps 

of pilot balloon flights are truly representative of air 
movement at the levels ip question. This is iiot because 
of inherent inaccuracies m the methods of observing and 
reduction, but more robably because of the fickleness of 

record represents only a momentary observation nt any 
particular level. We know that if the air is in adjust- 
ment with the pressure radient in the free air, it will 

inversel proportional to the distance between isobars. 
When t e wind direction is not arallel to the isobars, it 
does not necessaxilF condemn t e isobars, for it may be 
that the air is not in perfect adjustment to the gradient, 
or that there are local deviations in the gradient which 
are so small as to escape record on the map. Local con- 
vective influences may great1 disturb the wind direc- 
tion, yet be extremely local. $herefore, a lack of perfect 
agreement is not completely attributable to faulty 
isobars. 

On the other hand, there is no desire to utilize this fact 
BS an alibi. The investigator is as curious as the reader 
to know the true nature of the cause of such discrepancies 
t~ ma exist; but it is doubtful whether one will ever be 
able dfjnitely to establish an unimpeachable standard of 
isobaric accuracy in the free air, owing to the difficulty 
of simultaneous accessibilit of a, sufficiently large number 

this map drawing in a broad way and attempt to compare 

% x 

are very diffic 3 t, for one is never sure whether the records 

wind conditions com E ined with the fact that the balloon 

move nearly parallel to t % e isobars and with a velocity 

f K 

of points. One must, in a 9 1 fairness, judge the results of 

large movements of air as indicated by simultaneous free 
air wind directions at aerological stations with eneral 

ably a t  any, stage of free-air map drawing to expect every 
wind direction to agree with the isobaric trend in ita 
immediate vicinity. This does not alwa hold even at 
the surface close to the reduction level, 3 though in that 
case we have recourse to turbulence, friction, and topog- 
raphy to ex lain the discrepanc ; and such explanations 

air. 
With these introductory remarks, Fi ure 7, showing 

cem E er 23-23, 1923, and January 16-17, 1922, respec- 
tivel , may be studied. On these charts are lotted the 
witddirections observed b means of ilot E doons at 
or near 8 a. m., 75th merigan time. .e hese dates were 
selected hecause of the lar e number of ascents reaching 
the required altitudes. Tge s eed of the wind in miles 
per hour is indicated by the bar \ s on the arrows, one barb 
indicating 10 miles of wind per hour. 

These charts are offered in the hope that the reader wi l l  

nient between wind direction and isobaric trend, an T” the 
study them and draw his own conclusions as to the 

relation between the barometric configurations at  the 
several levels. It is recognized that the number of ma s 
is small, but available time and space hardly justify t E e 
presentation of more. No attempt is made to discuss the 

hysical relations between wind conditions at the several 
Lvels, since the object of this paper is to treat onl of the 
method of reduction and its a plication to map &wing. 
It will be conceded, it is hope{ that the Law of Pressure 
Ratios is one of theoretical interest and considerable prac- 
tical importance. It has the merit of being founded on 
firm theoretical grounds and confirmed by observation 
so closely that the final error of computation is largely B 
function of the pressure errors at  1 and 2 kilometers above 
sea level-and these have been shown to be satisfactorily 
small. 

isobaric trend. It is asking too much at  this, an 8 prob- 

can not be l! rawn upon in such 9 arge measure 111 the free 

the ressures a t  sea level, 2, 3, and 4 ki f ometers for De- 
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THE WINDS OF OKLAHOMA AND EAST TEXAS. 

By JOHN A. RILEY, Meteorologist. 

[Aerological Stetion, Broken APOW, Okla., September 26,1923.1 

SYNOPSIS. of Texas in which a counterclockwise shift occurs, the wind having a 
northeasterly drift aboye 4,000 meters. 

Graphs have been drawn to show the mean seasonal direction and 
velocity at the three stations; the percentage fre uenc of directions 
for summer, winter, and the year at four selectel leveL: the annual 
march of wind s eeds baaed on monthly avemgea for the re ’on aa a 
whole; features o! the diurnal march and the nocturnal strat&tion of 
s eeds at low altitudes; and the frequency of high winds at ordinary 
&ing levelg. 

Free-air winds are best studied in geo raphic grou s 
such that conditions are nearly uniform kmughout t E e 
group but differ in some particulars from conditions in 
other groups. Up er air conditions a t  various levels are 

surface, so that the network of aerological stations need 
also more uniforrny 1; distributed than are those a t  the 


